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(54) Gear mechanism and webbing retractor 

(57) ;vThis invention intends to reduce the size of a 
webbing retractor (10) in which a pinion (42) is pre- 
vented from being damaged when a large initial driving 
force is applied I from a gear/ Wheri'k sensor detects an 
emergent deceleration of a vehicle, a piston driving 
device (48) is actuated so as to move a rack (46) at its 
standby position in a direction to a pinion (42). When the 
rack (46) is located at the standby position, a tooth face 
on a side hear a front end, of a front end tooth (46a) 



thereof is in contact with a pressure receiving surface 
(58) of the initially driving member (56). The rack (46) is 
moved along a pitch line in tfie direction to the pinion 
(42) so that the front end tooth (46a) presses the pres- 
sure receiving surface (58). As a result, the initially driv- 
ing member (56) converts the initial driving force from 
the rack to a rotation force thereby rotating the pinion 
(42) in the taking-up direction, v 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to a gear mech- 
anism having a pinion and a rack, a large diameter gear 
meshing therewith and a webbing retractor for use in a 
seat belt system of a vehicle for taking out and taking up io 
a webbing. 

Description of the Related Art 

[0002] Some types of the webbing retractor for use in 15 
the seat belt system contain a mechanism (preten- 
sioner) for cancelling a slack of the webbing by taking 
up the webbing to tension it at the time of an emergent 
deceleration like a collision of the vehicle. Webbing 
retractors apparatus having such a pretensioner have 20 
been disclosed in for example, Japanese Utility Model 
Application Publication (JP-Y) No. 55-21696 and Japa- 
nese Patent No. 2500192. 

[0003] The webbing retractor described in Japanese 
Utility Model Application Publication (JP-Y) No. 55- 25 
21696 comprises a drum to which an end portion of a 
seat belt (webbing) is fixed r a pinion fixed to a rotation '.V; 
shaft of this drum coaxially therewith, a piston sup- 
ported slidably in a cylinder and a rack connected to a 
piston rod of this piston. Before the piston is actuated, 30 
the rack is held at a position in which it does not mesh 
with the pinion. Upon an emergency like a collision of a 
vehicle, gas is supplied into the cylinder by a gas gener- 
ator and the piston is moved in a predetermined direc- 
tion by this gas pressure. At the same time, the rack 35 
meshes with the pinion so as to rotate the pinion in a : ; 
direction for taking up the seat belt: Therefore, accord- 
ing to the seat belt retractor described in Japanese Util- 
ity Model Application Publication (JP-Y) No. 55-21696, 
because the rack is held at a position in which rt is not in 40 
mesh with the pinion before the piston is actuated, the , ; 
pinion and the drum are capable of rotating without 
being interfered by the rack. Further, because the rack 
meshes with the pinion upon an emergency so as to 
rotate the pinion in the direction for drawing in the seat 45 
belt, the seat belt is wound up by the drum fixed to the 
pinion to cancel a slack of the seat belt. 
[0004] The webbing retractor disclosed in Japanese 
Patent No. 2500192. comprises a belt drum for winding 
up a belt web (webbing), a pinion linked with this belt so 
drum through a flywheel linking device and gear trans- 
mission means for transmitting only a rotation of a sin- 
gle direction, a rack meshing with this pinion and a 
piston cylinder driving unit in which a piston thereof is 
connected to the rack Upon a collision of a vehicle, the 55 
piston cylinder driving unit is actuated by gas generated 
by a gas generator so as to move the rack. As a result, 
the pinion is rotated in the direction for taking up the belt 



web and the gear transmission means increases an 
angular velocity of the pinion and transmits the rotation 
of the pinion to the belt drum. Therefore, according to 
the belt retractor disclosed in Japanese Patent No. 
2500192, because the gear transmission means 
increases the angular velocity of the pinion and trans- 
mits the rotation of the pinion to the belt drum, a taking- 
up amount for the belt web by the belt drum relative to a 
traveling amount of the rack can be made large. 
[0005] However, in the webbing retractor described in 
Japanese Utility Model Application Publication (JP-Y) 
No. 55-21696, because upon an emergency, after the 
rack is moved from a position in which it is not in mesh 
with the pinion to a position in which it comes in mesh 
with the pinion, it rotates the pinion, when the rack 
meshes with the pinion, a large impact load is applied to 
the teeth of the pinion as an initial driving force. There- 
fore, in the webbing retrator having such a structure, the 
strength of the pinion teeth needs to be very high and 
therefore, it is difficult to reduce the size of the pinion. As 
a result, to secure a taking-up amount of the webbing 
necessary for an emergency time, the length of the rack 
and traveling range thereof need to be large, so that the 
retractor must be large-sized. 

[0006] In the webbing retractor described in Japanese 
Patent No. 2500192, because the. gear transmission 
t means increases the angular velocity of the pinion, the 
traveling range of the rack can be. reduced without 
reduci ng the number of the teeth of the pinion. However, 
since in the webbing retractor having such a structure, 
its gear transmission means is structured with at least 
two gears, the number of parts increases thereby lead- 
ing to increases in production costs and weight. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, the present invention has been 
achieved in views of the above described problems and 
therefore, an object of the invention is to provide a gear 
mechanism in which, even if a large initial driving force 
is applied from a gear to a pinion, teeth of the pinion are 
prevented from being damaged and a small-sized web- 
bing retractor having the same gear mechanism. - 
[0008] According to a first aspect of the present inven- 
tion, there is provided a gear mechanism comprising: a 
pinion; a gear meshing with said pinion; and an initial 
driving member provided on the pinion for receiving an 
initial driving force from the gear to rotate the pinion. 
[0009] According to the gear mechanism having the 
above structure, at the same time when the gear in ai : 
stop state starts to drive the initial driving member, the 
initial driving member receives an initial driving force 
from the gear so as to rotate the pinion. As a result the 
initial driving force is not applied from the gear directly to 
the teeth of the pinion or the initial driving force is 
applied indirectly to the teeth of the pinion. Thus, even 
when the initial driving force from the gear is large, the 
teeth of the pinion can be prevented from being dam- 
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aged by the initial driving force. 

[0010] The gear mentioned here refers to a gear hav- 
ing a larger diameter than the pinion, including a rack 
and a sector gear. In some case, the initial driving force 
is applied to the initial driving member in a condition that 
this gear is in mesh with the pinion, and in some case, 
the initial driving force is applied to the initial driving 
member from a position far from the pinion. The initial 
driving force mentioned here refers to a force which the 
gear applies to the pinion until the pinion is rotated by a 
predetermined rotation amount after the rotation of the 
pinion is started by the gear, and this initial driving force 
includes an impact force from the gear. 
[0011] According to a second aspect of the present 
invention, there is provided a gear mechanism accord- 
ing to the first aspect, wherein the initial driving member 
is provided on the pinion coaxially therewith. 
[0012] In the above described gear mechanism, the 
initial driving member can be supported by a shaft com- 
mon to the pinion/Thus, any supporting shaft or bearing 
for supporting the initial driving member does not need 
to be added, thereby suppressing an increase of the 
number of parts. 

[0013] According to a third aspect of the present 
invention, there is provided a gear mechanism accord- 
ing to the first aspect, wherein the initial driving member 
supports a pressure receiving portion for receiving the 
initial driving force outwardly in a radius direction rela- 
tive to the pinion. V 
[0014] In the gear mechanism having such a struc- 
ture, in case where the direction of the initial driving 
force to be applied to the pressure receiving portion of 
the initial driving member by the gear is substantially 
parallel to a tangent line (pitch line) of a pitch circle on 
the pinion, the driving torque and angular velocity.of the 
pinion can be changed by changing a distance from the 
pinion axis to the pressure receiving portion. Therefore, 
the driving torque and angular velocity of the pinion can 
be adjusted depending on the characteristic of the rota- 
tion load to be applied to the pinion at the initial phase of 
drive start. " 

[0015] According to a fourth aspect of the present 
invention, there is provided a gear mechanism accord- 
ing to the second and third aspects, wherein the gear or 
its supporting portion includes a recess for avoiding an 
interference with the initial driving member which 
rotates the pinion by receiving the initial driving force. 
[0016] In the gear mechanism having the above 
described structure, the initial driving member which 
rotates the pinion by receiving the initial driving force is 
prevented from interfering with the gear or the support- 
ing portion. Therefore, the pinion can be rotated contin- 
uously by the gear without releasing the initial driving 
member which rotates the pinion, from the pinion. 
[0017] The gear supporting portion mentioned here 
refers to a member for supporting the gear movably in 
the driving direction and a member for transmitting a 
driving force to the gear, and includes, for example, a 



piston rod supporting a rack, gear rotation shaft and the 
like. 

[001 8] According to a fifth embodiment of the present 
invention, there is provided a gear mechanism accord- 
5 • ing to the second and third aspects, wherein the initial 
driving member is fitted between teeth of the pinion 
detachably. 

[0019] In the gear mechanism having the above 
described structure, since the initial driving member is 

10 fitted between the teeth of the pinion detachably, the ini- 
tially driving member is capable of transmitting a torque 
securely to the pinion. Further, when the initial driving 
member receiving the initial driving force is released 
from the pinion, the initially driving member never inter- 

is feres with the gear meshing with the pinion. Therefore, 
the pinion can be rotated continuously by the gear. 
[0020] According to a sixth aspect of the present 
invention, there is provided a gear mechanism accord- 
ing to the fifth aspect further comprising a guide portion 

20 for allowing the initial driving member to rotate integrally 
with the pinion when the initial driving member engages 
the pinion to transmit the initial driving force to the pinion 
and for limiting a moving direction of the initial driving 
member for the initial driving member to be released 

25 from the pinion after the transmission of the initial driv- 
ing force is completed. 

[0021] In the gear mechanism having the above 
described structure, the guide portion for limiting the 
moving direction of the initial driving member makes the 

30 initial driving member to rotate integrally with the pinion ; 
when the initial driving force js transmitted to the pinion, 
and after the transmission of the initial driving force is 
completed, release the initial driving member from the 
pinion. As a result, the initial driving member can be 

35 prevented from falling out of the pinion during the trans- 
mission of the initial driving force. Thus, the initial driv- 
ing force can be transmitted securely to the. pinion 
through the initial driving member. Further, because the 
initial driving member does hot interfere with the pinion 

4q and the gear after the transmission of the initial driving 
force is completed, the rotation of the pinion can be con- 
tinued without being obstructed by the initial driving 
member. 

[0022] According to a seventh aspect of the present 
45 invention, there is provided a gear mechanism accord- 
ing to the first aspect, wherein the initial driving member 
is supported swingingly around an axis different from 
that of the pinion while being fitted between teeth of the 
pinion detachably. 
so [0023] In the gear mechanism having the above 
described structure, because the initial driving member 
is f itted between the teeth of the pinion detachably, the 
initial driving member is capable of transmitting a torque 
to the pinion securely. After the initial driving member 
ss which has received the initial driving force is released 
from the pinion, the pinion can be rotated continuously 
by the gear because the initial driving member never 
interferes with the gear meshing with the pinion. Fur- 
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ther, because the initial driving member is supported pinion. 

swingingly around a shaft disposed at a position differ- [0029] In the gear mechanism having the above 
ent from the rotation shaft of the pinion, the initial driving described structure, since the gear is a rack supported 
member which has been released from the pinion can movably in the direction of the pitch line, when the rack 
be held at a position in which it does not interfere with 5 is moved linearly along the pitch line, the linear move- 
the pinion and the gear. ment of the rack can be converted to the rotation move- 
[0024] According to an eighth aspect of the present ment by the pinion. Thus, the pinion can be rotated by a 
invention, there is provided a gear mechanism accord- driving force from a driving unit like a piston for generat- 
ing to the second-seventh aspects, wherein a pressure ing a linear motion for the rack, 
receiving portion for receiving the initial driving force of 10 [0030] According to an eleventh aspect of the present 
the initial driving member is formed in an involute curve. invention, there is provided a gear mechanism compris- 
[0025] In the gear mechanism having the above ing: a pinion; a gear meshing with the pinion; and a rein- 
described structure, as the pressure receiving portion of fbrcement member provided on the pinion for reinforcing 
the initial driving member is formed in an involute curve, teeth of the pinion for receiving an initial driving force 
the torque and angular velocity of the pinion rotated by is from the gear. 

the initial driving member receiving the initial driving [0031] In the gear mechanism having the above 
force can be substantially the same as the torque and described structure, because the reinforcement mem- 
angular velocity of the pinion rotating in mesh with the ber reinforces the teeth of the pinion for receiving the ini- 
gear. Thus, the characteristics on the torque and angu- tial driving force from the gear, when the initial driving 
lar velocity from a driving start of the gear mechanism to 20 force from the gear is large/the teeth of the pinion can 
an end thereof can be made constant, . be prevented from being damaged by the initial driving 
[0026] According to a ninth aspect of the present force. Therefore, a sufficient rotation amount of the pin- 
invention, there is provided a gear mechanism accord- ion can be secured even when the size of the pinion is 
ing to the first aspect, wherein the initial driving member reduced.; 

is provided on the pinion so as to rotate integrally with 25 [0032] According to a twelfth aspect of the present 

the pinion while having an engagement portion outside invention, there is provided a gear mechanism compris- 

a pitch circle of the pinion and, the gear comprises a : ing: a pinion; a pair of intermediate gears meshing with 

driving force transmitting member ' engaging the different teeth of the pinion, respectively; and a drive 

engagement portion to transmit an initial driving force to gear in which different teeth thereof are brought in mesh 

the initial driving member, the driving force transmitting 30 with the pair of the intermediate gears so as to transmit 

member being released from the engagement portion a driving force through the pair of the intermediate 

after the transmission of the initial driving force is com- gears to rotate the pinion. 

pleted. - - [0033] In the gear mechanism having the above 
[0027] In the gear mechanism having the above described structure, because at the same time when 
described structure, as the driving force transmitting 35 the ..driving gear in a stop Restarts to driye the pair of 
member engages the engagement portion so as to the intermediate gears, the driving force is distributed by 
transmit the initial driving force to the initial driving mem- the pair of the intermediate gears and transmitted to the 
ber, by changing the distance from the pinion axis to the ' . .pinion, as compared to the case in which no intermedin, 
engagement portion, the driving torque and angular ate gears are provided, the maximum driving force to be 
velocity of the pinion to which the initial driving force is 40 r, applied to one tooth of the pinion can be reduced to sub- 
transmitted through the driving force transmitting mem- stantially half. Thus, even when the initial driving force 
ber and the initial driving member can be changed. from the gear is so large that. the load on the pinion 
. Thus, the driving torque and the angular velocity of the becomes maximum, the teeth of the pinion can be pre- 
pinion can be adjusted depending on the characteristic vented from being damaged by the initial driving force, 
of the rotation load to be applied to the pinion at the ini- 45 [0034] According to a thirteenth aspect of the present 
tial phase of the driving start. Further, because the driv- invention, there, is provided a gear mechanism compris- 
ing force transmitting member is released from the ing: a pinion in which a module of a tooth is integer 
engagement portion after the transmission of the initial times the module of the other teeth and the one tooth is 
driving force is completed, the driving force transmitting a beginning end tooth for receiving an initial driving 
member never interfere with the initial driving member so force; and a drive gear in which a large tooth to mesh 
and the pinion after the transmission of the initial driving with the beginning end tooth of, the pinion for transmit- 
force is completed. As a result, the rotation of the pinion ting the initial driving force and small teeth to mesh with 
can be continued without being obstructed by the initial the remaining teeth of the pinion for transmitting a driv- 
driving member. ing force are provided continuously. 
[0028] According to a tenth aspect of the present ss [0035] In the gear mechanism having the above 
invention. there is provided a gear mechanism accord- described structure; because the module of the begin- 
ing to the first-ninth aspects, wherein the gear is a rack ning end tooth, of the pinion is integer times that of the 
supported movably in the direction of a pitch line of the remaining teeth, the tooth width of the beginning end 
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tooth is larger than that of the remaining teeth in the cir- 
cumferential direction. Therefore, the strength of the 
beginning end tooth can be largely improved than the 
other teeth. As a result, even when the initial driving 
force from the driving gear is large, the pinion can be s 
prevented from being damaged by the initial driving 
force. 

[0036] According to a fourteenth embodiment of the 
present invention, there is provided a . webbing retractor 
for tensioning a vehicie occupant restraining webbing in 10 
a direction for restraining the vehicle occupant upon an 
emergent deceleration of a vehicle, comprising: a gear 
mechanism according to the first-thirteenth aspects; a 
take-up shaft to which an end portion of the webbing is 
fixed; a clutch mechanism linked with the take-up shaft is 
and the pinion of the gear mechanism for transmitting a 
torque from the pinion to only the taking shaft; and a 
drive means for driving the gear of the gear mechanism 
upon an emergent deceleration of the vehicle to rotate 
the pinion in the direction for taking up the webbing. 20 
[0037] . In the webbing retractor having the above 
describee! structure, the size of the pinion in the gear 
mechanism can be reduced without changing the mate- 
rial or the like. Therefore, a winding amount of the web- 
bing necessary for an emergent deceleration of a 2s 
vehicle is secured and the size of the gear in a rack or 
the like meshing with the pinion can be reduced. As a 
result, the size of the webbing retractor can be reduced 
without increasing manufacturing costs and weight of 
the retractor. • 30 
[0038] According to a fifteenth aspect of the present 
invention, there is provided a webbing retractor for ten- 
sioning a vehicle occupant restraining webbing in a 
direction for restraining the vehicle occupant upon ah .. 
emergent deceleration of a vehicle, comprising: a pin- 35 
ion; an internal tooth gear in which internal teeth are 
formed along a driving side pitch circle having a larger 
diameter than a driven side pitch circle of the pinion, the 
internal teeth being brought into engagement with the 
teeth of the pinion at a meshing ratio of 2 or higher; a 40 
take-up shaft to which an end portion of the webbing is 
fixed; a clutch mechanism linked with the take-up shaft 
and the pinion of the gear mechanism for transmitting a 
torque from the pinion to only the take-up shaft; and a 
drive means for rotating the pinion in the direction for 45 
taking up the webbing by moving the internal tooth gear 
a|ong the driving side pitch circle upon an emergent 
deceleration of a vehicle. 

[0039] In the webbing retractor having the above 
described structure, because the internal teeth of the so 
internal tooth gear mesh with the teeth of the pinion at a 
meshing ratio of 2 or higher and the internal tooth gear 
transmits the driving force from the driving means to the 
pinion. Thus, as compared to a case in which the driving 
force is transmitted by a set of gear and pinion whose ss 
meshing ratio is from 1 to slightly larger than 1 , the max- 
imum load to be applied to one tooth of the pinion can 
be reduced to below half, so that the driving force which 



can be transmitted between the internal tooth gear and 
the pinion can be largely increased. Thus, the teeth of 
the pinion can be prevented from being damaged by the 
initial driving force even when the size of the pinion is 
reduced without changing the materia! or the like. As a 
result, the taking-up amount of the webbing necessary 
for an emergent deceleration ' of a vehicle can be 
secured and the size of the webbing retractor can be 
reduced without increasing the manufacturing cost and 
weight of the retractor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

Fig. 1 is a disassembly perspective view showing a 

structure of a webbing retractor according to a first - 

embodiment of the present invention. 

Fig. 2 is a plan view showing a state before a piston 

driving device of the webbing retractor according to 

the first embodiment of the present invention is 

actuated. 

Fig. 3 is a plan view showing a state before a piston 
driving device of the webbing retractor according to 
the first embodiment of the present invention is 
"-■actuated...- 1 ^-v.\*:-, ■. : . : .'■■ tl : : • • 

Fig. 4 is a graph showing a relation between a rota- 
tion amount of the pinion just after it starts to rotate 

: and a driving torque in . the webbing retractor 
according to the first embodiment of the present 
invention. :; ... /r - 
Fig. 5 is a disassembly perspective view showing a 
structure of a webbing retractor according to a sec- 
ond embodiment of the present invention. 
Fig. 6 is a plan view showing a state before a piston 

A; -driving device of the webbing retractor according to 
the second embodiment of the present invention is 
■• -actuated. - ■ '■ .r,,; ; ;. . /:\V.-^r.:- . 

Fig. 7 is a plan view showing a state in which the 
piston driving device of the webbing retractor . 
iaccording to the second embodiment of the present 
invention completes its action. 
Fig. 8 is a plan view showing a state before a piston 
driving device of the webbing retractor according to 
modification 1 of .the second embodiment of the 
present invention is actuated. 
Fig. 9 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to the second embodiment of the present 
invention is actuated and the initially driving mem- 
ber is released from the pinion. ■ - 
Fig. 10 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to the second embodiment of the present 
invention completes its action. 
Fig. 1 1 is a disassembly perspective view showing 
a structure of a webbing retractor accorcfing to a 
third embodiment of the present invention. 
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Fig. 12 is a plan view showing a state before a pis- 
ton driving device of the webbing retractor accord- 
ing to the third embodiment of the present invention 
is actuated. 

Fig. 13 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to the third embodiment of the present 
invention completes its action. 
Fig. 14 is a disassembly perspective, view showing 
an initially driving member, rack and driving force 
transmitting lever in the webbing retractor accord- 
ing to a fourth embodiment of the present invention. 
Fig. 15 is a plan view showing, a state before a pis- 
ton driving device of the webbing retractor accord- 
ing to the fourth embodiment of the present 
invention is actuated. 

Fig. 16 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to the fourth embodiment of the present 
invention completes its action. 
Fig. 17 is a disassembly perspective view showing 
a structure of a webbing retractor according to a 
fifth embodiment of the present invention. 
Fig. 18 is a plan view showing a state before a pis- 
ton driving device of the webbing retractor accord- 
ing to the fifth embodiment of the present invention 
is actuated. 

Fig. 19 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to the fifth embodiment of the present 
invention completes its action. / \ . 
Fig. 20 is a plan view showing a state before a pis- 
ton driving device of the webbing retractor accord- 
ing to a sixth embodiment of the present invention 
is actuated. >■•/'• v-v- 

Fig. 21 is a plan view showing a state before a pis- 
ton driving device of the webbing retractor accord- 
ing to a seventh embodiment bf the present 
invention is actuated. 

Fig. 22 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to an eighth embodiment of the present 
invention completes its action. 
Fig. 23 is a plan view showing a state before a pis- 
ton driving device of the webbing retractor accord- 
ing to the eighth embodiment o^the present 
invention is actuated. 

Fig. 24 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to the seventh embodiment of the 
present invention completes its action. 
Fig. 25 is a plan view showing a state before a pis- 
ton driving device of the webbing retractor accord- 
ing to a ninth embodiment of the present invention 
is actuated. 

Fig. 26 is a plan view showing a state in which the 
piston driving device of the webbing retractor 
according to the ninth embodiment of the present 



invention completes its action. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

5 

[0041] Embodiments of the present invention will be 
described with reference to the accompanying draw- 
ings. 

10 (First Embodiment) 

[0042] Figs. 1 to 3 show a webbing retractor according 
to a first embodiment of the present invention. The web- 
bing retractor 10 shown in Fig. 1 includes a frame 12 to 

is be fixed to a vehicle body. This frame 12 comprises a 
plate 1 4 having a through hole 1 4A through which a bolt 
or the like is to be inserted to be fixed to a vehicle body 
and a pair of side plates 16, 18 which are bent at right 
angle from both sides of the plate 14 and parallel to 

20 each other. The frame 12 supports a spool 20 rotatably 

' through the side plates 1 6, 1 8 and an end of a webbing 
22 for restraining a vehicle occupant is fixed to this 
spool 20. In one side plate 18, a circular opening 24 is 
formed around an axis A of the spool 20 and a side face 

25 of the spool 20 corresponding to this circular opening 24 
has an insertion hole 26 formed around the axis A. 
[0043] A one-way clutch 28 is disposed outside one 
side plate 18 of the frame 12 such that it is coaxially 
coupled with the spool 20. This one-way clutch 28, as 

30 shown in Fig. 1 , comprises* a torque transmission shaft 
30, cylindrical rollers 32, a holding plate 34 and a rotor 
36. The torque transmission shaft 30 is constituted of an 
insertion portion 38 and a rotary coupling portion 40, 
both being formed in a cylindrical shape and having dif- 

35 . ferent diameters, and the insertion portion 38 and the 
rotary coupling portion 40 are coaxial with each other in 
a direction parallel to the axis A (axial direction S). 
Spline teeth (not shown) parallel to the axis A are 
formed on an outer circumference of the insertion por- 

40 tion 38 and grooves (not shown) corresponding to the; 
spline teeth of the insertion portion 38 are formed on an 
inner periphery of the insertion hole 26, and then the 
insertion portion 38 is fitted into the insertion hole 26. 
As a result, the torque transmission shaft 30 is fixed to 

45 the spool 20. In the rotary coupling portion 40, a screw 
hole 40A extending along the axis A is formed on an 
outside face relative to the axial direction S. 
[0044] The holding plate 34 of the one-way clutch 28 
is formed in a thin circular plate and a circular opening 

so portion 34A through which the rotary coupling portion 
40 is to be inserted is formed in the center thereof. U- 
shaped roller holding portions 34B are formed by cut- 
ting from this opening portion 34A outward in the radius 
direction. Three roller holding portions 34B are provided 

55 at equal intervals (every 120°) around the axis A. The 
holding plate 34 is disposed between an outer pheriph- 
ery of the rotary coupling portion 40 and an inner face of 
the circular opening 24 and is held on an outside side 
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face of the spool 20 along the axial directions. The three 
rollers 32 are disposed in the roller holding portions 34B 
of the holding plate 34, respectively. These rollers 32 
are positioned in a circumferential direction by the roller 
holding portion 34B and disposed slidably or rotatably 
on the outer pheriphery of the rotary coupling portion 
40. 

[0045] The rotor 36 of the one-way clutch 28 is formed 
in a disc shape having a larger thickness than those of 
the roller 32 and the rotary coupling portion 40, as 
shown in Fig. 1. In the rotor 36, a shaft accommodating 
portion 36A and roller accommodating portions 36B 
communicating with the shaft accommodating portion 
36A are formed on an inner side face thereof opposing 
the spool 20. The shaft accommodating portion 36A 
and the roller accommodating portions 36 B are formed 
in concave shape with respect to the inner side face 
thereof, and each of them has a depth corresponding to 
the rotary coupling portion 40 and the roller 32, respec- 
tively. The shaft accommodating portion 36 A is formed 
in a substantially circular shape around the axis A. The 
roller accommodating portions 36B extend from an 
inner peripheral face of the shaft accommodating por- 
tion 36A outward in the rad|us direction and totally three 
roller accommodating portions 36B are disposed at 
equal intervals (every 120°) around the axis A. Each 
roller accommodating portion 36B is formed in a sub- 
stantially oval shape extending in the spiral direction 
around the axis A. An engaging protrusion 36C is pro- 
jected between the outside end portion of each roller 
accommodating portion 36B in the spiral direction and 
the shaft accommodating portion 36A along the inner 
peripheral face of the shaft accommodating portion 
36A. As shown in Fig. 1 , a pinion 42 is provided on an 
outside face of the rotor 36 in the axial direction S coax- 
ially therewith. A through hole 43 is formed in this pinion 
42 along the axis A communicating with the shaft 
accommodating portion 36A. 

[0046] The rotor 36 is disposed on an outer side face 
of the side plate 18 and while holding the holding plate 
34, accommodates the rotary coupling portion 40 of the 
torque transmission shaft 30 within the shaft accommo- 
dating portion 36A. At the same time, the rotor 36 
accommodates the rollers 32 within the roHer accommo- 
dating portion 36B. The rotor 36 is connected to the 
torque transmission shaft 30 through a coupling mem- 
ber 44. As shown in Fig. 1 , in the connecting member 44 
a male screw portion 44C is formed at an end of a round 
bar like shaft portion 44A and a head portion 44C is 
formed at a rear end of the shaft portion 44A. As for the 
coupling member 44, the shaft portion 44A is inserted 
through the through hole 43 of the pinion 42 and then 
the male screw portion 44B is screwed into the screw 
hole 40A of the rotary coupling portion 40. As a result, 
the coupling member 44 supports the rotor 36 and pin- 
ion 42 rotatably, and the rotor 36 is prevented from mov- 
ing on the torque transmission shaft 30 in the axial 
direction S. At this time, the holding plate 34 is sup- 



ported rotatably relative to the rotor 36. 
[0047] The one-way clutch 28 having such a structure 
is assembled to a vehicle in a condition that it does not 
transmit torque to the spool 20, namely it is in the OFF 

5 state in which it is not in contact with the spool 20. In this 
OFF state, as shown in Fig. 2, relative positions of the 
holding plate 34 and rotor 36 are adjusted such that 
each of the rollers 32 is maintained within an end por- 
tion on the outside periphery of the roller accommodat- 

10 ing portion 36B. At this time, the engaging protrusion 
36C of the roller accommodating portion 36B catches 
the roller 32 and holds it at an off position apart from the 
outer peripheral face 40B of the rotary coupling portion 
40. As a result, the spool 20 is capable of rotating in 

15 both ways, that is, taking-up direction W and taking-out 
direction R of the webbing 22 without an interference by 
the one-way clutch 28. A cover (not shown) for covering 
the one-way clutch 28 and the pinion 42 is mounted on 
the side plate 18. This cover member blocks a move- 

20 ment of the one-way clutch 28 in the axial direction S so 
as to prevent the insertion portion 38 of the torque 
transmission shaft 30 from falling out of the insertion 
hole 26. ' 

[0048] On the other hand, as shown in Fig. 2, a rack 

25 46 which meshes with the pinion 42 and a piston driving 
device 48 supporting the rack 46 movably in a linear 
direction are disposed on the side plate 18 of the frame 
12. This piston driving device 48 includes a gas genera- 
tor 50, a piston cylinder 52 to be supplied with a high 

30 pressure gas generated by the gas generator 50 and a 
piston 54 disposed within the piston tyfinder 52. The 
piston 54 is supported slidably along an inside wall of 
the piston cylinder 52 and forms a variable volume air 
chamber sealed from outside together with the piston 

35 cylinder 52. A rear end of the rack 46 is fixed to a sur- 
face of air releasing side opposite to tie air chamber of 
the piston 54. When the piston driving device 48 is 
assembled to the vehicle, the piston 54 is held at a posi- 
tion in which the air chamber volume formed in the pis-. 

40 ton cylinder 52 is minimized as shown in Fig. 2. At this 
time, the rack 44 fixed to the piston 54 is held at a pre- 
determined standby position apart from the pinion 42 as 
shown in Fig. 2. The rack 46 held at the standby position 
is supported such that the pitch line P L contacts the 

45 pitch circle P c of the pinion 42. 

[0049] The gas generator 50 of the piston driving 
device 48 is connected to an ignition potter supply (not 
shown), and when an emergent deceleration detecting 
sensor (not shown) including an acceleration sensor 

so detects an emergent deceleration of a vehicle due to a 
collision or the like, the ignition power supply is acti- 
vated to supply an ignition current to tie gas generator 
50. When supplied with this ignition current, the gas 
generator 50 generates a high pressure gas and sup- 

55 plies it into the piston cylinder 52. As areait, the piston 
54 is moved by this high pressure gas in a direction to 
expand the volume of the air chamber in the piston cyl- 
inder 52, so that the rack 46 located atitestandby posi- 
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tion is moved linearly in a direction toward the pinion 42 
along the pitch line P L . 

[0050] As shown in Fig. 1 , the pinion 42 has an initial 
driving member 56 extending from an outer periphery 
thereof outward in the radius direction, disposed coaxi- 
ally with the pinion 42. The initial driving member 56 is 
formed in a smaller thickness than that of the tooth of 
the pinion 42 with respect to the axial direction S and 
disposed so as to be in contact with the outside side 
face of the rotor 36. Further, the initial driving member 
56 extends outward in the radius direction from three 
teeth 42A, 42B, 42C which are continuous teeth of the 
pinion 42 as shown in Fig. 2. Here, the pinion 42 is posi- 
tioned at a predetermined initial position in the rotation 
direction when it is assembled to a vehicle and held at 
the initial position, for example, with a shearing pin (not 
shown) made of resin inserted through the rotor 36 and 
side plate 18. Tha pinion 42 held at this initial position 
supports the initial driving member 56 at a position of a 
initial end tooth 46A of the rack 46 such that the initial 
driving member 56 is in contact with a tooth surface 
thereof. In the initiai driving member 56, a pressure 
receiving face 58 thereof in contact with the rack 46 is 
formed in an involute curve common to the pinion 42. 
This pressure receiving surface 58 forms a smooth invo- 
lute curve together with a tooth face of one side of a 
tooth 42C as shown in Fig. 2. ; ; - • ' : 

. [0051] On the other hand, in the rack 46, as shown in 
Fig. 2, the tooth width of the teeth 46B. 46C, 46D to 
mesh with the three teeth 42A, 42B, 42C of the pinion 
42 is formed smaller than the tooth width of the other 
teeth. In the rack 46, the outside side faces of the teeth 
46B, 46C, 46D in the axial direction S are formed so as 

. to meet the outside side face of the other teeth. There^ 
fore, a concave recess 46E is formed at a portion facing 
the side plate 18 in the rack 46, corresponding to the 
teeth 46B, 46C, 46D. 

[0052] - Next, an operation of the webbing retractor 
according to the first embodiment having such a struc- 
ture will be described, in the webbing retractor 10, when 
the emergent deceleration detecting sensor detects an 
emergent deceleration of a vehicle due to a collision or 
the like, the gas generator 50 supplies a high pressure 
gas into the piston cylinder 52, as described above; As 
a result, the piston 54 moves the rack 46 from the 
standly position linearly toward the pinion 42 along the 
pitch line P L . When the rack 46 is at the standly position, 
the tooth face of a front end of the initial end tooth 46A 
is in contact with the pressure receiving surface 58 of 
the initial driving member 56. When from this condition, 
the rack 46 is moved in a direction toward the pinion 42 
along the pitch line P L and then the initial end tooth 46A 
presses the pressure receiving surface 58, the initial 
driving member 56 converts a part of the initial driving 
force from the- rack 46 to a force (rotation force) in the 
direction of a tangent line of the pitch circle P c of the pin- 
ion 42. The shearing pin holding the pinion 42 and rotor 
36 at the initial position is sheared by this rotation force 



so that the pinion 42 and the rotor 36 start to rotate in 
the taking-up direction W. After starting to rotate, the 
rotor 36 rotates relative to the holding plate 34 in the 
taking-up direction W of the webbing. As a result, the 

5 rollers 32 in the roller accommodating portions 36B are 
moved to the ON position in which they are nipped 
under a pressure between the outer peripheral face 40B 
of the rotary coupling portion 40 and the inside periph- 
eries (edges) of the roller accommodating portions 36B. 

10 When three rollers 32 are moved to the respective ON 
positions, the rotor 36 is fixed to the torque transmission 
shaft 30 with respect to the taking-up direction W so that 
the one-way clutch 28 is in the ON state allowing a 
torque in the taking-up direction to be transmitted to the 

is spool 20. 

[0053] When the one-way clutch 28 gets into the ON 
state as described above, the initial driving member 56 
receiving the initiai driving force starts to rotate the 
spool 20 in the taking-up direction W. The spool 20 con- 

20 tinues to be rotated by the Initially driving member 56 for 
receiving the initial driving force from the rack 46 until 
the initial end tooth 46 A of the rack 46 engages the pin- 
ion 42, and after the initial end tooth 46A engages the 
pinion 42, the rotation of the spool 20 is continued by 

25 the pinion 42 receiving the driving force (steady driving 
v, force) from the rack 46. Because the initially driving 
member 56 is extended outward in the radius direction 
f relative to the pinion 42, when the pinion 42 is rotated 
: up to near where the tooth 42 A engages the rack 46, the 

30 end portion of the initial driving member 56 is moved to 
: a place where it bite into the rack 46 and then inserted 
into the recess 46E of the rack 46. A gap is formed 
- between the initial driving member 56 and the rack 46 
by this recess 46E, so that the initial driving member 56 

35 does not come into contact with the rack 46/ When the 
operation of the piston driving device 48 is finished, the 
rack 46 is moved to a terminal position as shown in Fig. 
3 so as to rotate the spool 20 linked with the pinion 42 in 
the taking-up direction W fully to eliminate a slack of the 
: 40 webbing. However, when the slack of the webbing is 
eliminated before the rack is moved to the terminal posi- 
tion, it is stopped before the terminal position. 
, [0054] in the taking-up operation for the webbing 20, 
just after the spool 20 begins to rotate in the taking-up 

45 direction , as compared to the steady time in which the 
spool is rotating continuously, the driving torque (rota- 
tion load) for rotating the pinion 42 increases due to 
static frictional resistance and operational resistance 
generated until the one-way clutch 28 is turned to the 

so ON state. In the webbing retractor 10 according to the 
first embodiment, as shown in Fig. 4, the pinion 42 
rotates by a predetermined rotation amount R t after the 
rotation starts and after the driving torque of the pinion 
42 drops from its maximum value T M , the rack 46 

55 meshes with the pinion 42. 

: [0055] In the webbing retractor 10 according to the 
first embodiment described above, when the piston driv- 
ing device 48 is actuated so that the rack 46 begins to 
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move in the direction toward the pinion 42 along the 
pitch line P L , the initial driving member 56 receives an 
initial driving force (applied pressure) from the rack 46 
so as to rotate the pinion 42 in the taking-up direction . 
Because the initial driving force from the rack 46 is not s 
applied directly to the teeth of the pinion 42, even when 
a traveling speed and applied pressure of the rack 46 by 
the piston driving device 48 are large, it is possible to 
prevent the teeth of the pinion 42 from being damaged 
by the initial driving force. The initial driving force from 10 
the rack 46 mentioned here refers to a pressure and 
impact force applied to the initial driving member 56 and 
the pinion 42 by the rack 46 in a period since the rack 46 
begins to be moved by the piston driving device 48 until 
it meshes with the pinion 42. As a result, by reducing the 75 
size of the pinion 42 or the pitch circle of the pinion 42 
without changing the material or the like of the pinion 
42, the length of the rack 46 can be reduced, so that a 
traveling range of the rack 46 by the piston driving 
device 48 can be reduced, thereby making it possible to 20 
achieve a small-size webbing retractor 10. 
[0056] The pressure receiving surface 58 of the initial 
driving member 56 is formed by an involute curve com- 
mon to the pinion 42 and this pressure receiving surface 
58 forms a smooth involute curve together with the tooth 2s 
42C of the pinion 42. Therefore, the torque and angular 
velocity of the pinion 42 when rotated by the initial driv- 
ing member 56 receiving the initial driving force from the 
rack 46 become substantially the same as the torque 
and angular velocity of the pinion 42 rotated in mesh 30 
with the rack 46. Further, when the rack 46 is released 
from the initial driving member 56 and meshes with the 
pinion 42, the rotation of the pinion 46 does not become 
intermittent. Thus, the characteristics in torque and 
angular velocity of the piston driving device 48 from a 35 
start to an end of the driving can be made constant. . 

(Second Embodiment) 

[0057] Figs. 5 to 7 show a webbing retractor according 40 
to a second embodiment of the present invention. For 
the webbing retractor 60 according to the second 
embodiment, the same reference numerals denotes 
basically the same components as the webbing retrac- 
tor of the first embodiment and a description thereof is 45 
omitted. An initial driving member 62 extending from an 
outer periphery of the pinion 42 outward in the radius 
direction is fitted to the pinion 42 coaxially therewith. 
The initial driving member 62 is disposed so as to be in 
contact with an outside side face of the rotor 36 in the so 
axial direction S. The initial driving member 62 has a fit- 
ting face 64 which fits continuous three teeth 42A, 42B, 
42C of the pinion 42 without any gap as shown in Fig. 5. 
In the initially driving member 62, the fitting 64 is fitted to 
the teeth 42A, 42B, 42C and the movement thereof in ss 
the radius direction is blocked by a shearing pin (not 
shown) made of resin inserted through the initial driving , 
member 62 and rotor 36 such that it is fixed to the pinion 



42. 

[0058] In the initial driving member 62 according to the 
second embodiment, like the initial driving member 56 
of the first embodiment, a pressure receiving face 66 in 
contact with the initial end tooth 46A of the rack 46 is 
formed in an involute curve common to the pinion 42. As 
shown in Fig. 6, this pressure receiving face 66 forms a 
smooth involute curve with a one side, tooth face of the 
tooth 42C in a condition that the initial driving member 
62 is fitted to the pinion 42. The rack 46 has no recess 
for the initially driving member 62 unlike the first embod- 
iment. ....... t 

[0059] Next, an operation of the webbing retractor 
according to the second embodiment having such a 
structure will be described. In the webbing retractor 60 
of the second embodiment, an operation after the piston 
driving device 48 starts its action until the initial end 
tooth 46A of the rack 46 meshes with the pinion 42 is 
the same as in the webbing retractor . 10 of the first 
embodiment, and therefore a description thereof is 
omitted. In the webbing retractor 60 of the second 
embodiment, after the initial end tooth 46A of the rack 
46 moved by the piston driving device 48 in the direction 
toward the pinion 42 along the pitch line R L meshes with 
the pinion 42, the rotation of the spool 20 is continued 
by the pinion 42 receiving the driving force from the rack 
46. Because the initial driving member 62 extends out- 
ward in the radius direction relative to the pinion 42, 
when the tooth 42A of the pinion 42 is rotated near a 
position where it meshes with the rack 46, an. end por- 
tion of the initial driving member 62 comes into contact 
with a tooth end of the rack 46. Although the initial driv- 
ing member 62 is fixed in the radius direction by the 
shearing pin as described previously, this shearing pin 
is sheared by a shearing force generated when the ini- 
tial driving member 62 comes into contact with the rack 
46. As a result, when the initial driving member 62 
comes into contact with the rack 46, it slips out of the 
pinion 42. Therefore, the pinion 42 is rotated by a driving 
force from the rack 46 without being interfered by the ini- 
tial driving member 62. When the operation of the piston 
driving device 48 is terminated, the rack 46 is moved up 
to the terminal position shown in Fig. 7 so as to rotate 
the spool 20 connected to the pinion 42 sufficiently in 
the taking-up direction W to cancel the slack of the web- 
bing 22. However, when the slack of the webbing 22 is , 
cancelled before the rack 46 reaches the terminal posi- 
tion, the rack 46 stops before the terminal position. 
[0060] In the webbing retractor 60 according to the 
second embodiment described above, in addition to the 
effect of the webbing retractor of the first embodiment, 
because it is not necessary to form the recess from the 
initial driving member 62 by thinning the thickness of 
part of the teeth of the rack 46, production of the rack 46 
is facilitated and further there never occurs a phenome- 
non that the strength of the rack 46 is reduced by thin- 
ning of the tooth width of the rack 46. 
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(Modification 1 of the second embodiment) 

[0061] Figs. 8 to 10 show a webbing retractor accord- 
ing to modification 1 of the second embodiment of the 
present invention. As shown in Fig. 8, the initial driving s 
member 62 has a round bar like guide pin 67 which is 
provided on an outside side face thereof with respect to 
the axial direction S and projected in the axial direction 
S. Viewing in the diameter direction, this guide pin 67 is 
disposed substantially in the center between the pitch 
circle P c of the pinion 42 and an outside periphery of the 
initial driving member 62. A cover member (not shown) 
for covering the one-way clutch 28 and pinion 42 is fixed 
on the side plate 18 and a guide groove 68 which is a 
concave groove in which an end portion of the guide pin 
67 is to be inserted is formed on an inside face opposing 
the side plate 18. 

[0062] the guide groove 68 comprises an annular 
portion 68A formed along a circle trajectory with a 
length substantially the same as a distance from the 
axis A to the guide pin 67 as its radius around the. axis 
A as shown by two-dots and dash line, and a linear por- 
tion 68B extending from this annular portion 68A in the 
direction of a tangent line on the annular portion 68A. 
Here, the linear portion 68A is branched from the annu- 
lar portion 68A in the vicinity of a position opposite to an 
intersection position of the pitch circle P c and pitch line 
P L with respect to the axis A and substantially parallel to 
the pitch line P L . 

[0063] Next, an operation of the webbing retractor 
according to modification 1 of the second embodiment 
having such a structure will be described. In the web- 
bing retractor 60, when the piston driving device 48 is 
actuated like in the webbing retractor 10 of the first 
embodiment, the rack 46 is moved along the pitch line 
P L and the initial end tooth 46A of the rack 46 applies a 
pressure to the pressure receiving surface 66 of the ini- 
tial driving member 62. As a result, the initial driving 
member 62 converts the initial driving force from the 
rack 46 to a rotation force. Then, the pinion 42 is rotated 
in the taking-up direction W by the rotation force from '> 
the initial driving member 62. At this time, because the 
guide pin 67 of the initial driving member 62 is posi- 
tioned in the annular portion 68A of the guide groove 68, 
the initial driving member 62 is not capable of moving 
except along the annular portion 68A and the move- 
ment thereof in the diameter direction around the axis A 
is blocked. Therefore, in a condition in which the guide 
pin 67 is positioned in the annular portion 68A, the initial 
driving member 62 is not released from the teeth 42A, 
42B, 42C of the pinion 42, so that it is rotated integrally 
with the pinion 42 by the initial driving force. : 
[0064] At the same time when the pinion 42 starts to 
rotate in the taking-up direction W, the one-way clutch 
28 gets into the ON state allowing a torque in the taking- 
up direction W to be transmitted to the spool 20. When 
the one-way clutch 28 gets into the ON state, the initial 
driving member 62 receiving the initial driving force from 



the rack 46 starts the rotation of the spool 20 in the tak- 
ing-up direction W. 

[0065] After the rack 46 meshes with the pinion 42, the 
rotation of the pinion 42 and spool 20 is continued by 
the driving force from the rack 46. If the guide pin 67 
moving along the annular portion 68A reaches the 
branch position to the linear portion 68B, because the 
guide pin 67 is forced to move along a wall portion on 
the outside periphery of the guide groove 68 by a cen- 
trifugal force, the guide pin 67 enters the linear portion 
68B from the annular portion 68A as shown in Fig. 9. 
The guide pin 67 entering the linear portion 68B is 
moved linearly along the linear portion 68B by an inertia 
force of the initial driving member 62. When the guide 
pin 67 is moved along the linear portion 68 B, the initial 
driving member 62 is moved to the outside peripheral 
side relative to the pinion 42, so that just after the guide 
pin 67 enters the linear portion 68B, the fitting face 64 is 
separated from the teeth 42A, 42B, 42C. When the 
guide pin 67 is moved up to the terminal end of the lin- 
ear portion 68b as shown in Fig. 10, the initial driving 
member 62 is stopped. In a condition in which the guide 
pin 67 is located at the terminal end of the linear portion 
68B, the initial driving member 62 is held at a position in 
which it is not in contact with the pinion 42. 
[0066] In the webbing retractor 60 according to the 
modification 1 of the second embodiment, in addition to 
the effect of the webbing retractor 10 of the first embod- 
iment, because it is not necessary to form the recess 
from the initial driving member 62 by thinning part of the 
teeth of the rack 46, production of the rack 46 is facili- 
tated and there never occurs a phenomenon in which 
the strength of the rack 46 is reduced by thinning the 
tooth width of the rack 46. Further, because the annular 
portion 68A of the guide groove 68 for restricting the 
movement direction of the initial driving member 62 to 
peripheral direction makes the initial driving member 62 
rotate integrally with the pinion 42 when the initial driv- 
ing force is transmitted to the pinion 42, the initial driving 
member 62 does not slip out of the pinion 42 durjng a 
transmission of the initial driving force, and the initial 
driving force can be transmitted securely to the pinion 
42 through the initial driving member 62. Further, the 
liner portion 68B of the guide groove 68 releases the ini- 
tial driving member 62 from the pinion 42 after the trans- 
mission of the initial driving force is completed, so that 
the initial driving member 62 is not in contact with the 
pinion 42 and the rack 46 after the transmission of the 
initial driving force is completed. Therefore, the rotation 
of the pinion 42 can be continued by the rack 46 which 
meshes with the teeth of the pinion 42 without being 
obstructed by the initial driving member 62. 

(Third Embodiment) 

[0067] Figs. 1 1 to 1 3 show a webbing retractor accord- 
ing to a third, embodiment of the present invention. For 
the webbing retractor 70 of the third embodiment, the 
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same reference numerals denote basically the same 
components as the webbing retractor 10 of the first 
embodiment and a description thereof is omitted. The 
webbing retractor 70 of this embodiment has a substan- 
tially circular plate-shaped initial driving member 72 as 
shown in Fig. 1 1 . The initial driving member 72 contains 
a fitting hole 74 which passes through the axis A in the 
axial direction S. An opening shape of this fitting hole 74 
is substantially the same as a cross section perpendic- 
ular to the axis of the pinion 42 and the pinion 42 is 
insertable into this hole. The thickness of the initial driv- 
ing member 72 is formed smaller than that of the pinion 
42. Thus, by inserting the pinion 42 into the fitting hole 
74, the initial driving member 72 is supported coaxially 
with the pinion 42 and is prevented from rotation rela- 
tive, to the pinion 42. The initial driving member 72 in 
which the pinion 42 is inserted into the fitting hole 74 is 
installed on the outside side face of the rotor 36. 
[0068] The initial driving member 72 has a concave 
portion which is a substantially trapezoidal concavity 
formed on a part of an outer periphery thereof in a direc- 
tion to the axis A as shown in Fig. 1 2. A pressure receiv- 
ing surface 76 constituted of an involute curve is formed 
in this concave portion. 

[0069] On the other hand, the end face 78A of the rack 
78 is formed substantially parallel to a tooth face on a 
side near the end face 78A of the tooth 78B. In the rack 
78, teeth 78B are formed from a position retreated from 
the end face 78A toward the rear end. As shown in Fig. 
11, only the front end portion of the rack 78 is formed 
with a substantially the same width as the tooth width of 
the pinion 42 and the rear portion with respect to this 
front end portion is formed thinner by a thickness of the 
initial driving member 72. The rack 78 is supported such 
that the outside side face of the tooth 78B coincides with 
the outside side face of the pinion 42 and a recess 78C 
from the initial driving member 72 is formed in a portion 
facing the side plate 18 with respect to the teeth 78B. 
[0070] When the webbing retractor 70 is mounted on 
a vehicle as shown in Fig. 12, the pinion 42 is adjusted 
at such an initial position that the pressure receiving 
surface 76 of the initial driving member 72 is in contact 
with the end face 78A of the rack 78 and this initial posi- 
tion is held with the shearing pin like the first embodi- 
ment. 

[0071] Next, an operation of the webbing retractor 
according to the third embodiment having such a struc- 
ture will be described. In the webbing retractor 70 of the 
third embodiment, because the operation until the pis- 
ton driving device 48 is actuated is the same as in the 
webbing retractor 10 of the first embodiment, a descrip- 
tion of this operation is omitted. In the webbing retractor 
70, when the piston driving device 48 is actuated, the 
rack 78 is moved toward the pinion 42 along the pitch 
line P L , the end face 78A presses the pressure receiv- 
ing surface 76. As a result, the initial driving member 72 
converts a part of the initial driving force from the rack 
78 to a force (rotation force) in the direction of a tangent 



line relative to the pitch circle P c of the pinion 42. The 
shearing pin holding the pinion 42 and the rotor 36 is 
sheared by this rotation force so that the pinion 42 and 
the rotor 36 start the rotation in the taWng-up direction 
5 W. The rotor 36 starting the rotation rotates in the tak- 
ing-up direction W relative to the holding plate 34. As a 
result, the rollers 32 in the roller holding portions 36B 
are moved from the OFF position to the ON position in 
which they are nipped with a pressure between the 
w outer peripheral face 40B of the rotary coupling portion 
40 and the inside peripheral faces (edges) of the roller 
holding portions 36B. The three rollers 32 are moved to 
the respective ON positions and then the rotor 36 is 
fixed to the torque transmission shaft 30 with respect to 
is the taking-up direction W, so that the one-way clutch 28 
gets into the ON state in which it is capable of transmit- 
ting the torque in the taWng-up direction W to the spool 
20. 

[0072] If the one-way clutch 28 gets into the ON state, 
20 the initial driving member 72 receiving the initial driving 
force from the rack 78 starts to rotate the spool 20 in the 
taking-up direction W. The spool 20 is rotated by the 
rotation force of the initial driving member 72 until the 
tooth 78B at the beginning end of the rack 78 meshes 
25 with the pinion 42. After the tooth 78B meshes with the 
pinion 42, the rotation of the spool 20 is continued by 
the pinion 42 receiving a driving force from the rack 78. 
Here, because the initial driving member 72 is extended 
outward in the radius direction with respect to the pinion 
30 42, when the pinion 42 is rotated from the initial position, 
the outer peripheral face of the initial driving member 76 
is moved to a position where it bites into the rack 46 and 
then is inserted into the recess 78C of the rack 78. By 
this recess 78C, there is formed a gap between the ini- 
35 tial driving member 72 and rack 78 so that the initial 
driving member 72 does not come into contact with the 
rack 76. When the operation of the piston driving device 
48 is terminated, the rack 78 is moved up to the terminal 
position shown in Fig. 13 so as to rotate the spool 20 
40 connected to the pinion 42 sufficiently to remove a slack 
of the webbing. However, when the slack of the webbing 
is removed before the rack 78 reaches the terminal 
position, it is stopped before the terminal position. 
[0073] I n the webbing retractor 70 of the third embod- 
45 iment, in addition to the effect of the webbing retractor 
10 of the first embodiment, because the pressure 
receiving surface 76 for receiving the initial driving force 
from the rack 78 is formed on the outer peripheral face 
of the initial driving member 72 formed n a disc shape, 
so the strength of the pressure receiving surface is 
increased, so that the initial driving force which the pres- 
sure receiving surface 76 is capable of bearing can be 
increased. 

55 (Fourth Embodiment) 

[0074] Figs. 1 4 to 1 6 show a webbing refractor accord- 
ing to a fourth embodiment of the present invention. For 
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the webbing retractor 1 10 of the fourth embodiment, the 
same reference numerals denote basically the same 
components as the webbing retractor 10 of the first 
embodiment and a description thereof is omitted. The 
webbing retractor 1 10 has a substantially circular plate- s 
shaped initial driving member 112 as shown in Fig. 14. 
The initial driving member 112 contains a fitting hole 
114 which passes through the axis A in the axial direc- 
tion S. An opening shape of this fitting hole 1 14 is sub- 
stantially the same as a cross section perpendicular to w 
the axis of the pinion .42 and the pinion 42 is insertable 
into this hole. The thickness of the initial driving member 
112 is formed smaller than that of the pinion 42. Thus, 
by inserting the pinion 42 into the fitting hole 114, the 
initial driving member 112 is supported coaxially with 75 
the pinion 42 and is prevented from rotation relative to 
the pinion 42. The initial driving member 112 in which 
the pinion 42 is fitted in the fitting hole 1 14 is installed on 
the outside side face of the rotor 36. 
[0075] The initial driving member 1 1 2 has an engage- 20 
ment groove 116 formed on an outer periphery thereof 
along the direction of a tangent line on the pitch circle 
P c . The engagement groove passes through in the axial 
direction S. An end portion in the length direction is 
closed while the other end is open to the outer periphery 25 
of the initial driving member 112. An inner peripheral 
face at the end portion of the engagement groove is 
curved in U shape as viewed in the axial direction S and 
this end portion of the engagement groove 116 acts as 
a pressure receiving portion 118 for receiving the initial 30 
driving force. 

[0076] On the other hand, the thickness of the rack 
120 in the axial direction S is substantially the same as 
a difference between the thickness of the pinion 42 and 
the thickness of the initial driving member 112. As 35 
shown in Fig. 14, a round bar like shaft supporting pin 
122 is provided on an end portion of the top surface of 
the rack 120 and this shaft supporting pin 122 is pro- 
jected vertically from the top surface of the rack 120. 
The shaft supporting pin 122 supports a driving force 40 
transmitting lever 124 swingingly. The driving force 
transmitting lever 124 comprises a proximal end portion 
126 whose section perpendicular to the length direction 
thereof is rectangular and a round bar like engagement 
portion 128 projected from an end portion of this proxi- 45 
mal end portion 126, these portions being formed inte- 
grally with each other. A through hole 126 A passing 
through top and bottom faces of the proximal end por- 
tion 126 is formed at the rear end portion of the proximal 
end portion 126. Further, an engagement hole 126B is so 
formed in the center in the length direction of the top 
surface of the proximal end portion 126. The outside 
peripheral face of the engagement portion 128 is 
formed with a curved surface having a slightly smaller 
curvature radius than the curvature radius of the inner 55 
peripheral face of the pressure receiving portion 118 of 
the engagement groove 116. A projecting length of the 
engagement portion 128 from its proximal end is sub- 



stantially the same as a sum of the thickness of the ini- 
tial driving member 112 and the thickness of the rack 
120. 

[0077] The shaft supporting pin 1 22 on the top face of 
the rack 120 is inserted into the through hole 126A in 
the driving force transmitting lever 124. As a result, the 
driving force transmitting lever 124 is supported swing- 
ingly by the rack 1 20 with respect to the shaft supporting 
pin 122. An end portion bent in L shape of a coil spring 
130 is inserted in and fixed to the engagement hole 
126B of the driving force transmitting lever 124. The 
other end of the coil spring 130 is also bent in the L 
shape and disposed over the side plate 1 8 such that it is 
fixed to the cover member (not shown) for covering the 
one-way clutch 28 and pinion 42. At this time, the coil 
spring 130 is stretched in the length direction and there- 
fore, the coil spring 130 always urges the front end of 
the driving force transmitting lever 124 in the direction to 
the bottom of the teeth of the rack 120 (direction indi- 
cated by an arrow F in Fig. 14). 
[0078] When the webbing retractor 1 1 0 is installed on 
a vehicle as shown in Fig. 15, the pinion 42 is adjusted 
to the initial position in which the opening end of the 
engagement groove 1 1 6 of the initial driving member 
112 faces the front end portion of the rack 120 and the 
pinion 42 is held at the initial position together with the 
initial driving member 112 with the shearing pin like the 
first embodiment. On the other hand, the rack 120 is 
also adjusted to the initial position in which the engage- 
ment portion 128 of the driving force transmitting lever 
124 is inserted into the engagement groove 116 and in 
contact with the pressure receiving portion 118 of the 
engagement groove 116. At this time, the engagement 
portion 128 of the driving force transmitting lever 124 is 
urged by the coil spring 130 in a direction in which it 
retracts from the pinion 42. 

[0079] Next, an operation of the webbing retractor 
according to the fourth embodiment having such a 
structure will be described. In the webbing retractor 110 
of the fourth embodiment, because the operation until 
the piston driving device 48 is actuated is the same as 
in the webbing retractor 10 of the first embodiment, a 
description of this operation is omitted. In the webbing 
retractor 110, when the piston driving device 48 is actu- 
ated, the rack 120 is moved toward the pinion 42 along 
the pitch line P L . As a result, the engagement portion 
128 of the driving force transmitting lever 124 presses 
the pressure receiving portion 118 of the engagement 
groove 1 1 6 along the direction of the tangent line on the 
pitch circle P c . The initial driving member 1 12 converts 
a pressure from the rack 120 just after the piston driving 
device 48 is actuated, namely the initial driving force, to 
a rotation force. Then, the pinion 42 is rotated by this 
rotation force in the taking-up direction W. 
[0080] At the same time when the pinion 42 starts to 
rotate in the taking-up direction W, the one-way clutch 
28 gets into the ON state in which it is capable of trans- 
mitting a torque in the taking-up direction W to the spool 
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20. When the one-way clutch 28 gets into the ON state, 
the initial driving member 112 starts to rotate the spool 
20 in the taking-up direction W. The spool 20 is rotated 
by the rotation force from the initial driving member 112 
until the beginning end tooth 120A of the rack 120 
engages the pinion 42. 

[0081 ] Just after the rack meshes with the pinion 42 as 
shown in Fig. 16, the initial driving member 112 makes 
the length direction of the engagement groove 116 sub- 
stantially coincide with the urging direction for the 
engagement portion 128 by the coil spring 130. As a 
result, the engagement portion 128 of the driving force 
transmitting lever 124 is moved to the opening end por- 
tion along the engagement groove 116 and slips out of 
the engagement groove 1 1 6. After the engagement por- 
tion 128 is released from the engagement groove 116, 
the rotation of the spool 20 is continued by the pinion 42 
receiving the driving force from the rack 120. 
[0082] After released from the engagement groove 
116, the driving force transmitting lever 124 is held at a 
position in which it is not in contact with the initial driving 
member 11 2 by the urging force of the coil spring 1 30 as 
shown by two-dots and dash line of Fig. 16. When the 
action of the piston driving device 48 is terminated, the 
rack 120 is moved up to a predetermined terminal posi- 
tion and rotates the spool 20 linked with the pinion 42 
sufficiently in the taking-up direction W to Gancel a slack 
of the webbing. However, if the slack of the webbing is 
cancel led before the rack reaches its terminal position, 
it is stopped before the terminal position. 
[0083] In the webbing retractor 110 of the fourth 
embodiment, in addition to the effect of the webbing 
retractor of the first embodiment, the following effect can 
be obtained. That is, when a distance from the axis A to 
the pressure receiving portion 118 of the engagement 
groove 116 is changed, the driving torque and angular 
velocity of the pinion 42 to which the initial driving force 
is transmitted through the driving force transmitting 
lever 124 and the initial driving member 112 can be 
changed, so that the driving torque and angular velocity 40 
of the pinion can be adjusted depending on the charac- 
teristic of the rotation load applied to the pinion 42 at the 
initial phase of rotation startup. Further, because the 
driving force transmitting lever 124 is released from the 
engagement, groove 116 of the initial driving member 45 
112 after the transmission of the initial driving force is 
completed and then the driving force transmitting lever 
124 does not come into contact with the initial driving 
member 112 and pinion 42 after the transmission of the 
initial driving force is completed. Thus, the pinion 42 can so 
continue to be rotated without being obstructed by the 
initial driving member 112. 

(Fifth Embodiment) 

55 

[0084] Figs. 1 7 to 1 9 show a webbing retractor accord- 
ing to a fifth embodiment of the present invention. For 
the webbing retractor 80 of the fifth embodiment, the 



same reference numerals denote basically the same 
components as the webbing retractor 10 of the first 
embodiment and a description thereof is omitted. As 
shown in Fig. 17, the webbing retractor 80 of the fifth 
embodiment contains a initial driving member 82 sup- 
ported swingingly around an axis B parallel to the axis A 
of the pinion 42. The initial driving member 82 is curved 
in a substantially V shape in the length direction and the 
initial driving member 82 is supported with its inside 
side face in the length direction curved in the concave 
shape opposing the outer peripheral face of the pinion 
42. An insertion hole 84 passing through in the axial 
direction S is formed in one end portion and the pres- 
sure receiving surface 86 formed in an involute curve is 
formed on the other end portion thereof. An inside gear 
88 for meshing with the teeth 42A, 42B, 42C of the, pin- 
ion 42 is formed at art end of the inside side face in the 
length direction curved in the concave shape as shown 
in Fig. 18. This internal gear 88 is constituted of two 
teeth having the pitch circle P ( around the axis B. 
[0085] On the other hand, a supporting hole 90 is 
formed in the side plate 1 8 along the axis B as shown in 
Fig. 17. An end portion of a supporting pin 92 passing 
through the insertion hole 84 of the initial driving mem- 
ber 82 is inserted into this supporting hole 90 and fixed 
therein. As a result, the initial driving member 82 is sup- 
ported swingingly by the side plate 18 around the axis 
B. Here, the axis B is positioned so as to be out of the 
rotor 36 on the side plate 18 and so that the internal 
gear 88 of the initial driving member 82 is moved along 
a circle trajectory on a pitch point on the pitch circle P c 
and pitch line P L . The initial driving member 82 is con- 
nected to an engagement pin 96 on the side plate 18 
through a coil spring 94 and always urged in a swing 
direction in which it leaves the pinion 42. 
[0086] When the webbing retractor 80 is installed on a 
vehicle body, the initial driving member 82 is held such 
that the internal gear 88 of the initial drtving member 82 
meshes with the teeth 42A, 42B, 42C located near a 
contact point between the pitch circle P c and pitch line 
P L . At this time, the initial driving member 82 is sup- 
ported such that the pitch circle P t is in contact with the 
pitch circle P c of the pinion 42 and the pressure receiv- 
ing surface 86 of the initial driving member 82 is sup- 
ported at a position substantially coinciding with an 
involute curve formed based oh a fundamental circle of 
the pinion 42. On the other hand, as shown in Fig. 18, 
the end face 98A is formed substantiafly parallel to the 
tooth face on a side near that end faceof the tooth 98B. 
[0087] Next, an operation of the webbing retractor 
according to the fifth embodiment hawng such a struc- 
ture will be described. In the webbing ieiractor 80 of the 
fifth embodiment, because the action of the piston driv- 
ing device 48 until it starts its operation is the same as 
in the webbing retractor 10 of the firet embodiment, a 
description thereof is omitted. In the webbing retractor 
80, when the piston driving device 48 is actuated, the 
rack 98 is moved along the pitch lineP^in a direction to 
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the pinion 42 and the end face 98A presses the pres- 
sure receiving surface 86 of the initial driving member 
82. As a result the initial driving member 82 converts 
the initial driving force from the rack 98 to a force (rota- 
tion force) in the direction of a tangent line on the pitch 
circle P c of the pinion 42. The shearing pin holding the 
pinion 42 and the rotor 36 is sheared by this rotation 
force so that the pinion 42 and the rotor 36 start the 
rotation in the taking-up direction W. The rotor 36 start- 
ing the rotation rotates in the taking-up direction W rela- 
tive to the holding plate 34 also. Consequently, the 
rollers 32 in the roller holding portions 36B are moved 
from the OFF position to the ON position in which they 
are nipped under a pressure between the outer periph- 
eral face 40B of the rotary coupling portion 40 and the 
inside peripheral faces (edges) of the roller holding por- 
tions 36B. At the same time when the three rollers 32 
are moved to the ON position, the rotor 36 is f ixed to the 
torque transmission shaft 30 with respect to the taking- 
up direction W, so that the one-way clutch 28 gets into 
the ON state in which it is capable of transmitting a 
torque in the taking-up direction W to the spool 20. 
[0088] When the one-way clutch 28 gets into the ON 
state, the initial driving member 82 receiving the initial 
driving force from the rack 98 rotates the spool 20 in the 
taking-up direction W. The spool 20 is rotated by, the 
rotation force from the initial driving member 82 until the 
tooth 98B at the beginning end of the rack 98 meshes 
with the pinion 42. After the tooth 98B meshes with the 
pinion 42, the rotation thereof is continued by the pinion 
42 receiving the driving force from the rack 98. In the ini- 
tial driving member 82, at the same time when the tooth 
98B at the beginning end of the rack 98 meshes with a 
tooth 42D of the pinion 42, the internal gear 88 is 
released from the teeth 42A, 42B, 42C of the pinion 42. 
As a result, the initial driving member 82 swings due to 
a urging force of the coil spring 94 in a direction in which 
it leaves the pinion 42 and then the initial driving mem- 
ber 82 is held at a position in which it is not in contact 
with the rack 98 and the pinion 42. When the action of 
the piston driving device 48 is terminated, the rack 98 is 
moved to the terminal position shown in Fig. 19 so as to 
rotate the spool 20 linked with the pinion 42 sufficiently 
in the taking-up direction W to cancel a slack of the web- 
bing 22. However, if the slack of the webbing 22 is can- 
celled before the rack is moved to the terminal position, 
the rack is stopped before the terminal position. 
[0089] In the webbing retractor 80 of the fifth embodi- 
ment described above, in addition to the effect of the 
webbing retractor 60 of the first embodiment, as com- 
pared to the initial driving member 62 of the second 
embodiment, the initial driving member 82 released 
from the pinion 42 is held at a position in which it is not 
in contact with the pinion 42 and the rack 98, the rota- 
tion of the pinion 42 can be continued by the rack 98 
meshing with the teeth of the pinion 42 without being 
obstructed by the initial driving member 82. 



(Sixth Embodiment) 

[0090] Fig. 20 shows a webbing retractor according to 
a sixth embodiment of the present invention. For the 

5 webbing retractor 100 of the sixth embodiment, the 
same reference numerals denote basically the same 
components as the webbing retractor 10 of the first 
embodiment and a description thereof is omitted. In the 
pinion 42, reinforcement members 42D are provided in 

10 roots (grooves) between the three teeth 42A, 42B, 42C 
of the pinion 42 as shown in Fig. 20. The reinforcement 
members 42D are fitted to the tooth laces of the teeth 
42A, 42B, 42C within those roots without gaps and 
formed integrally with the teeth 42A, 42B, 42C. Each 

is reinforcement member 42D is formed thinner than the 
tooth width of the pinion 42 and in contact with the out- 
side side face of the rotor 36 with respect to the axis 
direction S. On the other hand, in the rack 46, the tooth 
width of two teeth 46F, 46G corresponding to the rein- 

20 forcement members 42 is formed thinner than those of 
the other teeth. These teeth 46F, 46G have recesses 
which are formed on the side facing the rotor 36 in the 
axial direction S corresponding to the reinforcement 
members 42D. The recesses prevent the reinforcement 

25 members 42D from contacting the tooth face of the rack 
46 after the pinion 42 is rotated by a turn. When the rack 
46 is in a standby position as shown in Fig. 20, it is held 
at a position in which the tooth face at the front end 
thereof is in contact with a tooth 42C of the pinion 42. 

30 [0091] An operation of the webbing retractor of the 
sixth embodiment having such a structure will be 
described. In the webbing retractor 100 of the sixth 
embodiment, when an emergent deceleration detecting 
sensor detects an emergent deceleration of a vehicle 

35 due to a collision or the like, the gas generator 50 sup- 
plies a high pressure gas into the piston cylinder 52. As 
a result, the piston 54 moves the rack 46. When the rack 
46 is moved along the pitch line P L in a direction to the 
pinion 42, the rack 46 meshes with the pinion 42 and 

40 rotates the pinion 42 and the rotor 36 in the taking-up 
direction W. An action from a rotation start of the pinion 
42 to a stop of the rack 46 is the same as in the webbing 
retractor 10 of the first embodiment, a description 
thereof is omitted. 

45 [0092] In the webbing retractor 100 of the sixth 
embodiment described above/because the teeth 42B, 
42C of the pinion 42 receiving the initial driving force 
from the rack 46 are reinforced by the reinforcement 
members 42D, the initial driving force which the teeth 

so 42B, 42C are capable of bearing can be increased. 
Thus, even when the initial driving force from the rack 46 
is large, the pinion 42 can be prevented from being 
damaged. Consequently, without changing the material 
and the like of the pinion 42, the pitch circle of the pinion 

55 42 can be reduced so as to reduce the length of the rack 
46 and traveling range of the rack 46 by the piston driv- 
ing device 48. Therefore,, the size of the webbing retrac- 
tor 100 can be reduced. 
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(Seventh Embodiment) 

[0093] Figs. 21 and 22 show a webbing retractor 
according to a seventh embodiment of the present 
invention. For the webbing retractor 140 of the seventh 
embodiment, the same reference numerals denote 
basically the same components as the webbing retrac- 
tor of the first embodiment and a description thereof is 
omitted. As shown in Fig: 21, a pair of intermediate 
gears 142, 144 mesh with the pinion 42. The intermedi- 
ate gears 142, 144 have the same quantity of teeth as 
the pinion 42 and they are disposed so as to mesh with 
different teeth of the pinion 42. Supporting shafts 142A, 
144A are projected from one end face of the intermedi- 
ate gears 142, 144 in the axial direction so as to go 
along the axes of the gears 142, 144. These supporting 
shafts 142 A, 144A are supported rotatably by a cover 
member (not shown) for covering the one-way clutch 28 
and the pinion 42 disposed on the side plate 18. As a 
result, the intermediate gears 142, 144 can be rotated in 
a condition that they mesh with the pinion 42 without 
being interfered by the rotor 36 containing the one-way 
clutch 28. 

[0094] On the other hand, as shown in Fig. 21, the 
rack 46 is disposed at a position in which the pitch line 
P L contacts both the pitch circle P c1 of the intermediate 
gear 142 and pitch circle P c2 of the intermediate gear 
144. At a standby position before the piston driving 
device 48 is actuated, different teeth on the front side 
thereof mesh with the intermediate gear 142 and the 
intermediate gear 1 44. 

[0095] Next, an operation of the webbing retractor of 
the seventh embodiment having such a structure will be 
described. In the webbing retractor of the seventh 
embodiment, because an action until the piston driving 
device 48 starts its operation is the same as the web- 
bing retractor of the first embodiment, a description 
thereof is omitted. In the webbing retractor 140, after the 
piston driving device 48 is actuated, the rack is moved 
along the pitch line P L , so that the intermediate gears 
142, 144 meshing with the rack 46 are rotated in an 
opposite direction (clockwise direction in Figs. 21 and 
22) to the taking-up direction W. As a result, the pinion 
42 meshing with these intermediate gears 142, 144 is 
rotated in the taking-up direction W. In the webbing 
retractor 140 of the seventh embodiment, because the 
rotation direction of the pinion 42 is inverted with 
respect to the rotation directions of the intermediate 
gears 142, 144 by the intermediate gears 142, 144, the 
rack 42 meshes with the pinion 42 from an opposite side 
to the webbing retractor 1 0 of the first embodiment. 
[0096] At the same time when the pinion 42 and the 
rotor 36 start to rotate in the taking-up direction W, the 
shearing pin (not shown) holding the pinion 42 and the 
rotor 36 at the initial position is sheared so that the pin- 
ion 42 and the rotor 36 start to rotate in the taking-up 
direction W. As a result, the one-way clutch 28 (see Fig. 
1) gets into the ON state, the spool 20 rotates integrally 



with the pinion 42 and the rotor 36 in the taking-up direc- 
tion W. When an action of the piston driving device 48 is 
terminated, the rack is moved up to the terminal position 
shown in Fig. 22 so as to rotate the spool 20 connected 

5 to the pinion 42 sufficiently in the taking-up direction W 
to cancel a slack of the webbing 22. However, if the 
slack of the webbing 20 is cancelled before the rack 46 
reaches the terminal position, it is stopped before the 
terminal position. 

10 [0097] In the webbing retractor 140 according to the 
seventh embodiment described above, at the same time 
when the rack 46 in the down state starts to travel along 
the pitch line P L , the driving force from the rack 46 is dis- 
tributed by the pair of the intermediate gears 142, 144 

is and transmitted to the pinion 42. Thus, as compared to 
a case in which the intermediate gears 142, 1 44 are not 
employed like the webbing retractor 10 of the first 
embodiment, the maximum load applied to a tooth of 
the pinion 42 can be reduced to substantially half. 

20 Therefore, generally even when the initial driving force 
from the rack 46 is large just after the piston driving 
device 48 starts to operate, applying the largest load on 
the pinion 42, it is possible to prevent the teeth of the 
pinion 42 from being damaged by the initial driving 

25 force. As a result, by reducing the size of the pitch circle 
of the pinion 42 without changing the material or the like 
of the pinion 42, the length of the rack 46 and the 
traveling range of the rack 46 by the piston driving 
device 48 can be reduced, thereby the size of the web- ~ 
30 bing retractor 140 being reduced. 

(Eighth Embodiment) 

[0098] Figs. 23 and 24 shows a webbing retractor 

35 according to an eighth embodiment of the present 
invention. For the webbing retractor 150 of the eighth 
embodiment, the same reference numerals denote 
basically the same components as the webbing retrac- 
tor 1 0 of the first embodiment and a description thereof 

40 is omitted. The webbing retractor 150 has a pinion 152 
connected to the spool 20 coaxially through the one- 
way clutch 28 (see Fig. 1), as shown in Fig. 23. One of 
six teeth formed on the pinion 152 is a beginning end 
tooth 152A for receiving the initial driving force: The 

45 module value (JIS B1701) of this beginning end tooth 
152A, the module value defining a size of the tooth cor- 
responding to the diameter of the pitch circle P c , is twice 
the module value of the other teeth 152B. Because the 
pitch circle P c of all the teeth 152A, 152B is common, 

so the beginning end tooth 152 A has a pair of tooth faces 
including outside tooth faces of two teeth (teeth 152C, 
152D indicated by two-dots and dash fine in Figs. 23 
and 24) adjacent each other and involute curves 
extended from ends of the tooth faces, having the same 

55 shape as the other teeth 152B. 

[0099] On the other hand, on a front end surface of the 
rack 1 54 is formed a front end tooth face 154A substan- 
tially parallel to a tooth face on a side near that front end 
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of the tooth 154B. A tooth root 154E between a pair of 
teeth 154C and 154D which will mesh with the begin- 
ning end tooth 152A after the rack 154 starts to move is 
formed in a shape capable of meshing with the begin- 
ning end tooth 152A, namely such that a depth of the 
tooth root 154E and root width are larger than the other 
tooth roots, corresponding to the beginning end tooth 
152A. At a standby position in which the piston driving 
device 48 is actuated, as shown in Fig. 23, the front end 
face 154 of the rack 154 is in contact with the beginning 
end tooth 152 A. 

[0100] Next, an operation of the webbing retractor 
according to the eighth embodiment having such a 
structure will be described. In the webbing retractor 150 
of the eighth embodiment, because the action of the pis- 
ton driving device 48 until it starts its operation is the 
same as in the webbing retractor 10 of the first embodi- 
ment, a description thereof is omitted. In the webbing 
retractor 150, when the piston driving device 48 is actu- 
ated so that the rack 46 is moved along the pitch line P L , 
the front end tooth face 154A of the rack 154 presses 
the beginning end tooth 152A with the initial driving 
force. As a result, the pinion 152 and the rotor 36 are 
rotated in the taking-up direction W. 
[0101] At the same time when the pinion 152 and the 
rotor 36 start to rotate in the taking-up direction W, the 
shearing pin (not shown) holding the pinion 42 and the 
rotor 36 at the initial position is sheared so that the pin- 
ion 152 and the rotor 36 start to rotate in the taking-up 
direction W. As a result, the one-way clutch 28 gets into 
the ON state, the spool 20 rotates integrally with the pin- 
ion 42 and the rotor 36 in the taking-up direction W. 
[01 02] When the rack 1 54 is further moved along the 
pitch line P L , the tooth 154B of the rack 154 meshes 
with the tooth 152B of the pinion 152 so that the rota- 
tions of the pinion 152, the rotor 36 and the spool 20 in 
the taking-up direction W are continued. When the pin- 
ion 152 is rotated by a turn, as shown in Fig. 24, the 
beginning end tooth 152 A meshes with the tooth root 
154E between the teeth 154C and 154D and just after 
this, the action of the piston driving device 48 is termi- 
nated. As a result, the spool 20 linked with the pinion 
142 is rotated sufficiently in the taking-up direction to 
cancel a slack of the webbing 22. However, if the slack 
of the webbing 22 is cancelled before the rack 46 
reaches the terminal position, the rack 46 is stopped 
before the terminal position. 

[0103] In the webbing retractor 150 of the eighth 
embodiment described above, because the module 
value of the beginning end tooth 152A is twice those of 
the other teeth, the tooth width of the beginning end 
tooth 152A along the pitch circle P c is thicker than the 
tooth width of the other teeth 152B. Thus, the strength 
of the beginning end tooth 152 A can be intensified rela- 
tive to the other teeth 152B. As a result, even when the 
initial driving force from the rack 154 is large, it is possi- 
ble to prevent the pinion 152 from being damaged by 
the initial driving force. Therefore, by reducing the pitch 



circle of the pinion 142 without changing the material or 
the like of the pinion 142, the length of the rack 46 and 
the traveling range of the rack 46 by the piston driving 
device 48 can be reduced and therefore the size of the 

5 webbing retractor 150 can be also reduced. 

[0104] Although in the webbing retractor 150 of the 
eighth embodiment, the module value of the beginning 
end tooth 152 A of the pinion 152 is twice those of the 
other teeth 152B, this value can be changed, this value 

10 may be twice or a larger integer times depending on the 
size of the other teeth 1 52B, a strength of the beginning 
end tooth 152A necessary for bearing the initial driving 
force or the like. 

15 (Ninth Embodiment) 

[0105] Figs. 25 and 26 show a webbing retractor 
according to a ninth embodiment of the present inven- 
tion. For the webbing retractor 160 of the ninth embodi- 

20 ment, the same reference numerals denote basically 
the same components as the webbing retractor 10 of 
the first embodiment and a description thereof is omit- 
ted. The pinion 42 is linked with the spool 20 through the 
one-way clutch 28 (see Fig. 1) contained in the rotor 36 

25 like the first embodiment As shown in Fig. 25, a fan- 
shaped internal tooth gear 162 meshes with this pinion 
42. Internal teeth 162A are formed on an inside periph- 
eral face facing the teeth of the pinion 42, of the internal 
tooth gear 162. The internal teeth 162 A employ a circle 

30 trajectory larger than the pitch circle P c of the pinion 42 
as a pitch circle P c3 and they are formed continuously 
along this pitch circle P^. Here, the internal tooth gear 
162 is supported by the piston driving device 48 such 
that the pitch circle P^ contacts the pitch circle P c of the 

35 pinion 42. The curvature radius of the pitch circle P^ is 
so determined that contact ratio between the internal 
teeth 162A of the internal tooth gear 162 and teeth of 
the pinion 42 is about 2. 

[0106] On the other hand, the piston cylinder 164 of 
40 the piston driving device 48 is also curved along the 
pitch circle P c3 shown in Fig. 25. Thus, when the piston 
driving device 48 is actuated, the internal gear 162 is 
moved along the pitch circle P c $ from the waiting posi- 
tion shown in Fig. 25 to the terminal position shown in 
45 Fig. 26. 

[0107] Next, an operation of the webbing retractor 
according to the ninth embodiment having such a struc- 
ture will be described. In the webbing retractor 160 of 
the ninth embodiment/because the action of the piston 

so driving device 48 until it starts its operation is the same 
as in the webbing retractor 10 of the first embodiment, a 
description thereof is omitted. In the webbing retractor 
160, when the piston driving device 48 is actuated, so 
that the internal tooth gear 1 62 is moved along the pitch 

55 circle P c3 , the internal tooth gear 162 and the pinion 42 
are rotated in the taking-up direction W. At the same 
time when the pinion 42 and the rotor 36 start to rotate 
in the taking-up direction W, the shearing pin (not 
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shown) holding the pinion 42 and the rotor 36 at the ini- 
tial position is sheared, 90 that the pinion 42 and the 
rotor 36 start to rotate in the taking-up direction W. As a 
result, the one-way clutch 28 (see Fig. 1) gets into the 
ON state, so that the spool 20 is rotated integrally with 5 
the pinion 42 and the rotor 36 in the taking-up direction 
W. When an action of the piston driving device 48 is ter- 
minated, the internal tooth gear 162 is moved up to the 
terminal position shown in Fig. 26 so as to rotate the 
spool 20 sufficiently in the taking-up direction W to 10 
remove a slack of the webbing 22. However, when the 
slack of the webbing is removed before the internal 
tooth gear 162 reaches the terminal position, the inter- 
nal tooth gear 162 is stopped before the terminal posi- 
tion. y5 

[0108] In the webbing retractor 160 of the ninth 
embodiment described above, at the same time when 
the internal tooth gear 162 in the down state starts to 
move along the pitch line P L , the driving force from the 
internal tooth gear 162 is distributed to two or more 20 
teeth of the pinion 42 and transmitted to the pinion 42. 
Therefore, as compared to a case in which the contact 
ratio between the pinion 42 and the rack 46 is about 1 
like the webbing retractor 1 0 of the first embodiment, the 
maximum load applied to a single tooth of the pinion 42 25 
can be reduced to substantially half. Therefore, gener- 
ally even when the initial driving force from the rack 46 
is large just after the piston driving device 48 starts to 
operate, applying the largest load on the pinion 42, it is 
possible to prevent the teeth of the pinion 42 from being 30 
damaged by the initial driving force. As a result, by 
reducing the size of the pitch circle of the pinion 42 with- 
out changing the material or the like of the pinion 42, the 
traveling range of the internal tooth gear 162 by the pis- 
ton driving device 48 can be reduced and the internal 35 
tooth gear 162 moves along the pitch circle which is 
a circle trajectory. Thus, the size! of the webbing retrac- 
tor 1 60 can be reduced. 

[0109] Although in the webbing retractor 160 of the 
ninth embodiment, the contact ratio between the inter- 40 
nal tooth gear 162 and pinion 42 is set to about 2, this 
value can be changed this value may be increased by 
reducing the curvature radius of the pitch circle P^. 
Thus, the contact ratio may be increased over 2 
depending on a magnitude of the initial driving, force or 45 
the like. 

[0110] According to the gear mechanism of the 
present invention, as described above, even when a 
large initial driving force is applied from the gear to the 
pinion, the pinion is prevented from being damaged, so 
Further, according to the webbing retractor ■ of the 
present invention, the size of the pinion can be reduced 
without changing the material or the like, so that the size 
of the device can be reduced without inducing increases 
in costs and weight. 55 



Claims 

1 . A gear mechanism comprising: 

a pinion; 

a gear meshing with said pinion; and 
an initial driving member provided on said pin- 
ion for receiving an initial driving force from said 
gear to rotate the pinion. 

2. A gear mechanism according to claim 1, wherein 
said initial driving member is provided on said pin- 
ion coaxially therewith. 

3. A gear mechanism according to claim 1, wherein 
said initial driving member supports a pressure 
receiving portion for receiving said initial driving 
force outward in a radius direction relative to said 
pinion. 

4. A gear mechanism according to claim 2, wherein 
said gear includes a recess for avoiding an interfer- 
ence with said initial driving member which rotates 
said pinion by receiving said initial driving force. 

5. A gear mechanism according to claim 2, wherein 
said initially driving member is fitted between teeth 
of said pinion detachable 

6. A gear mechanism according to claim 5 further 
comprising a guide portion for allowing said initial 
driving member to rotate integrally with said pinion 
when said initial driving member meshes with said 
pinion to transmit said initial driving force to said 
pinion and for limiting a moving direction of said ini- 
tial driving member such that said initial driving 
member is released from said pinion after the trans- 
mission of the initial driving force is completed. 

7. A gear mechanism according to claim 1, wherein 
said initially driving member is supported swing- 
ingiy around an axis different from that of said pin- 
ion and is fitted between teeth of said pinion 
detachably. 

8. A gear mechanism according to claim 2, wherein 
said initially driving member has a pressure receiv- 
ing portion for receiving said initial driving force 
formed in an involute curve. 

9. A gear mechanism according to claim 1, wherein 
said initial driving member is provided on said pin- 
ion so as to rotate integrally with said pinion while 
having an engagement portion outside a pitch circle 
of said pinion, and said gear comprises a driving 
force transmitting member engaging with said 
engagement portion to transmit an initial driving 
force to said initial driving member, said driving 
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10. 



force transmitting member being released from said 
engagement portion after the transmission of said 
initial driving force is completed. 

A gear mechanism according to claim 1 , wherein 
said gear comprises a rack supported movably in 
the direction of a pitch line of said pinion. 



11. A gear mechanism comprising: 

a pinion; 

a gear meshing with said pinion; and 
a reinforcement member provided on said pin- 
ion for reinforcing teeth of the pinion for receiv- 
ing an initial driving force from said gear. 

12. A gear mechanism comprising: 

a pinion; 

a pair of intermediate gears for meshing with 
different teeth of said pinion, respectively; and 
a drive gear whose different teeth are brought 
in mesh with the pair of said intermediate gears 
so as to transmit a driving force through the 
pair of the intermediate gears to rotate said pin- 
ion. 



10 



15 



20 



webbing. 

15. A webbing retractor for tensioning a vehicle occu- 
pant restraining webbing in a direction for restrain- 
ing the vehicle occupant upon an emergent 
deceleration of a vehicle, comprising: 

a pinion; 

an internal tooth gear in which internal teeth 
are formed along a driving side pitch circle hav- 
ing a larger diameter than that of a driven side 
pitch circle of said pinion, said internal teeth 
meshing with the teeth of said pinion at a con- 
tact ratio of 2 or higher; 
a take-up shaft to which an end portion of said 
webbing is fixed; 

a clutch mechanism linked with said take-up 
shaft and said pinion for transmitting a torque 
from said pinion to only said take-up shaft; and 
a drive means for rotating said pinion in the 
direction for taking up the webbing by moving 
said internal tooth gear along said driving side 
pitch circle upon an emergent deceleration of a 
vehicle. 



25 



13. A gear mechanism comprising: 



a pinion in which a module of a tooth is integer so 
times the module of the other teeth and said 
one tooth is a beginning end tooth for receiving 
an initial driving force; and 
a drive gear in which a large tooth to mesh with 
the beginning end tooth of said pinion for trans- 35 
mitting said initial driving force and small teeth 
to mesh with the remaining teeth of said pinion 
for transmitting a driving force are provided 
continuously. 



14. A webbing retractor for tensioning a vehicle occu- 
pant restraining webbing in a direction for restrain- 
ing the vehicle occupant upon an emergent 
deceleration of a vehicle, comprising: 



40 



45 



a pinion; 

a gear meshing with said pinion; 
an initial driving member provided on said pin- 
ion for receiving an initial driving force from said 
gear to rotate the pinion; so 
a take-up shaft to which an end portion of said 
webbing is fixed; 

a clutch mechanism linked, with said take-up 
shaft and said pinion for transmitting a torque 
from said pinion to only said take-up shaft; and 55 
drive means for driving said gear upon an 
emergent deceleration of a vehicle to rotate 
said pinion in the direction for taking up the 
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